Supplementary Information S1 Digital signal processing flow and data rate calculation of the OFDM signal Fig. 1 Offline digital signal processing A pseudo-random binary sequence (PRBS) is used as data source. The data is mapped to the complex number symbols for the data-loaded subcarriers. Here, 16-ary quadrature amplitude modulation (16-QAM) mapping method is employed due to the capacity and quality of the channel. Then the signal is converted from frequency domain to time domain employing 256-points inverse fast Fourier transform (IFFT), in which 188 subcarriers are loaded with data and 7 subcarriers are unloaded to avoid the DC and low frequency interference. 2 subcarriers are selected as pilots for the phase noise estimation and the other 59 subcarriers on the edge are also data-unloaded. Thus the bandwidth of OFDM-16QAM signal is [1] :
12
/ × ((188 + 7 + 2))/256(data loaded subcarriers) ≈ 9.23 GHz (Double sideband modulation)
Cyclic prefix (CP) is inserted between two OFDM symbols and the length is 1/16 IFFT size. Parallel-to-Serial conversion is to convert the signal into data sequence. 5 OFDM training symbols are periodically inserted in front of each frame, which is followed by 400 payload symbols. Finally, a 128-bit sequence for time synchronization is added. The net bit rate is: To demodulate the signal, the same procedure and distortion compensation algorithms are performed in reverse. The received signal is firstly down sampled, then frequency offset needs to be compensated. The frame synchronization is used to extract a frame of OFDM signal for offline processing. The training symbols are used for channel estimation. Afterwards, Serial-to-Parallel conversion, CP removal, FFT are employed to convert the signal into frequency domain and channel equalization is utilized to compensate the channel impairment. The pilot subcarriers are aimed at compensating phase noise. Aided by these procedures, the 16-QAM signal is recovered and then is de-mapped to binary data.
S2 Scattering response of the diffuse reflecting materials
In our diffuse NLOS communication system, the angular coverage mainly depends on the scattering angle range of the diffuse reflector.
In the experiments, we tested our method on two different materials: I) a polystyrene screen (Thorlabs EDU-VS1/M) and II) a sandblasted aluminum film. The photos of the scattering samples are shown in Fig. 2 (a) . To characterize the scattering response of these materials, we measured the bi-directional reflectance distribution function (BRDF) for an incident angle of -22.5°. The BDRF describes how much optical power is backscattered into a given reflection angle. We measure the BDRFs of the two samples by using an optical power meter with a 3-mm dimeter at a distance of 70 mm from the sample. The laser power incident on the sample was set to 9 dBm at a wavelength of 1550 nm. The measured BRDFs for the polystyrene screen and the sandblasted aluminum film are shown in Fig. 2 (c) and Fig. 2 (d) , respectively. The BRDFs of the two scattering samples are compared in Fig. 2 (b) . Here the measured angle is the offset to the normal of the diffuse reflectors. As shown in Fig. 2 (c) , the polystyrene screen scatters the diffuse reflected light in a wide range of reflection angles (±31°). However, the received power within this angular range is relatively low (~-33 dBm). In contrast, our sandblasted aluminum sample has a much higher received power (10.42-dB higher at peak point), while sacrificing the angular coverage (±16°). These results demonstrate the tradeoff between the angular coverage and the received power.
S3 Link performance evaluation
In Table-I, the system performance versus time is evaluated. The measurement is performed over three time periods (every 2 seconds) and each contains three Q calculations [2] (calculate every 9.6 µs) at an angular offset of 0°. The results show that the Q factor fluctuates within a very small range of <0.4 dB, which means the system is stable in time. Table- II describes the best performances when receivers are located at 0° and ±10°. When angle offset increases by 10°, transmission performance declines and the Q value is just near the threshold of 3.8×10 -3 (Q=15.17 dB). Thus the experimentally demonstrated steered angular range is 20°. The constellations at different times and angles are shown in Fig. 3 to further evaluate the system's performance.
Fig. 3 The constellations at different measurement times and detection angles
Then the Q-to-subcarrier distribution at the time of 0 s is provided in Fig. 4 . The subcarriers occupy a frequency range of 9.23 GHz (from -4.615 GHz to 4.615 GHz). Due to the limit of bandwidth of the system and low frequency impacts, the Q factor of some subcarriers is reduced. The system's Q factor is the average value of all subcarriers, which determines the whole transmission capacity. The average Q factor is above the transmission limit of QAM-16 signal. 
